Nanopowders of BaB 0.8 B SrB 0.2 B TiOB 3 B (BST) and BaZrB 0.3 B TiB 0.7 B OB 3 B (BZT) are synthesized using hydroxide co-precipitation method. The nanoparticles are used to form composites z BST + (1-z) BZT for z = 0.4, 0.5 and 0.6 with 2 wt% BiB 2 B OB 3 B as a sintering aid. The powders of BST, BZT and composites are subjected to the investigations of XRD, complex impedance and dielectric properties. The results on variation of dielectric constant with temperature and frequency are promising and suggest usefulness of composites as a RF dielectric material, in the paraelectric region.
Recently, there has been an increased interest in the use of ferroelectric materials just above TB c B , in the paraelectric region, for applications in the tunable microwave devices. Barium strontium titanate (BST) system is well known for its strong response to the applied dc electric field. This property is very attractive and has been used to develop devices operating in the microwave (MW) and millimeter wave range such as phase shifters, filters and tunable capacitors. The most important parameter for such thin film ferroelectric devices is the low dielectric losses (tan δ) and high tunability properties.P 1 P Here, the BST is observed to possess higher values of dielectric losses at MW frequencies. To overcome this difficulty composites and multilayer thin films of BST with MgO or MgTiOB 3 B are investigatedP 1 .
P
The observations on these systems have stimulated the present studies.
In the present paper, we report investigations on dielectric properties of BaB x B SrB (1-x) B TiOB 3 B (BST) for x = 0.8 formed as a composite with BaZrB y B TiB (1-y) B OB 3 B (BZT) for y = 0.3. Here BZT too is a useful radio frequency (RF) and microwave (MW) dielectric material possessing higher value of dielectric tunability. The BZT is also known to exhibit relaxation properties and very low dielectric dispersion extended in the MW region.P 2 PThe BZT shows diffused phase transition and higher value of dielectric constant even in the paraelectric region, which may extend from room temperature and aboveP 2, 3 P.
Therefore considering the virtues of the BZT as above, it would be interesting to investigate the composites of BST and BZT for dielectric analysis and its correlation to other physical properties. Further, these investigations may also provide an insight into the effects of intra-grain polarization in case of composites of the dielectric materials. To achieve a well dispersed BST and BZT compositions, nanopowders of BST and BZT are used as starting material. In order to lower the temperature of formation of composites, 2 wt% BiB 2 B OB 3 B has been used as sintering aid P 4 P.
Thus the present paper deals with the hydroxide coprecipitation synthesis of BaB 0.8 B SrB 0.2 B TiOB 3 B (BST) and BaZrB 0.3 B TiB 0.7 B OB 3 B (BZT) nano powders and formation of bulk composite of BST-BZT in required compositional ratios. The investigations of structural, dielectric properties and complex impedance properties are reported in this paper. The paper focuses on the synthesis and dielectric characterization of BST, BZT and BST-BZT composites.
Experimental Procedure
A hydroxide co-precipitation route has been used to synthesize nanopowders of BaB 0. Further it has been observed that the Ba(OH)B 2 B is fractionally soluble in water but insoluble in alkaline medium.P 6 P Therefore the precipitates are washed in weak solution of NHB 4 B OH. The chemical reaction for the hydroxide co-precipitation of BaB x B SrB (1-x) B TiOB 3 B could occur as;
The precipitates were subjected to the DTA/TG analysis. The observed weight loss and the loss predicted from the reaction are observed to tally quantitatively and confirm the correctness of the proposed precipitation reaction. Considering the TG analysis, the precipitate is filtered, dried and presintered at 600°C for 6 h. The final sintering is carried out at 1100°CP P for 12 h.
Synthesis of BZT
High purity barium nitrate, zirconyl nitrate [ZrO (NOB 3 B )B 2 B ] and potassium titanium oxalate are used as starting materials. The remaining procedure of coprecipitation is similar to that of the synthesis of BST. The precipitation reaction too follows Eq. (1) . In this case also, the precipitates are subjected to DTG/TG analysis to determine the minimum required sintering temperature for formation of the product.
The powders of BST and BZT are subjected to the structural investigations using XRD. The XRDs are also used for determination of particle size using Williamsons-Hall method. It is observed that the particle size of BST and BZT determined from the XRD is ~35 nm in both the cases.
Synthesis of BST-BZT composite
The nano powders of BST and BZT are used to form composites using the following formula z BST + (1-z) BZT + 2 wt% BiB 2 B OB 3 B … (2) for z = 0.6 (COMP 1), 0.5 (COMP 2) and 0.4 (COMP 3). The BiB 2 B OB 3 B is used as sintering aid to lower the temperature of sintering and achieve higher levels of densification.P 4 P In addition to the composites above, a composition 0.5 BST + 0.5 BZT has been prepared without addition of BiB 2 B OB 3 B . This composition is used to understand the effect of BiB 2 B OB 3 B on modification of the electronic state of the material. Using the similar sintering schedule the pellets of parent BST and BZT powders are also prepared for analysis of dielectric and complex impedance properties. The composites are formed after through mixing of the BST, BZT and BiB 2 B OB 3 B powders in acetone as a medium. The composites are formed in pellet shape of 1 cm in diameter and are sintered at 1200°CP P for 4 h. The pellets of the composite are investigated for structural (XRD and SEM) and electrical (dielectric and complex impedance) analysis. The HP4284A LCR-Q meter is used for the purpose of the measurement of dielectric constant and complex impedance spectra.
Results and Discussion
The formation of the correct phase of the BST and BZT powders is carried out using the XRD spectra. It is observed that the spectra are in confirmation with earlier reports.P 3,7.
P
The particle size of the powder is calculated from the XRD by Williamsons-Hall method and is also confirmed using the SEM technique. Figure 1 shows variation of relative permittivity 'εB r B ' at an excitation frequency 'f 'of 1 kHz as a function of temperature T for COMP 1, COMP 2, COMP 3, BST and BZT systems. Here the present observations of εB r B on BST and BZT ( Fig. 1 ) are in confirmation with these reports. It is also observed that εB r B for BZT is greater The present observations show that dielectric anomaly in case of composites is observed far more pronounced as compared to the individual BST composition. The high value of dielectric constant at TB c B of the BST is believed to be due to the grain-grain boundary (g-gb) effectsP In case of BST it was argued that because of heating at high temperatures the TiP During cooling the oxygen is recouped mainly on the grain boundaries, but the bulk of grain still possess deficiency of oxygen ions. This causes a highly resistive grain boundary, while the bulk of grain remains semiconducting. The difference in the resistivities of grain and grain boundaries cause a barrier layer at the (g-gb) interface and leads to very high εB r B at T=TB c B .
In case of BST-BZT composites the enhanced values of the εB r B at TB c B could be attributed to the graingrain boundary effects in BST and the contribution to the dielectric constant due to interfacial polarization at interfaces between BST and BZT grains. The interfacial polarization is expected to be predominant at lower frequencies. Figure 3 shows variation of εB r B at various frequencies for COMP 2. From Fig. 3 it could be seen that εB r B for COMP 2 decreases sharply as the frequency is increased.
This feature indicates contribution of the inter-grain interfacial polarization to the εB r B in case of the composites. Further it is observed that the TB c B for all the composites increases slightly for increasing frequencies. To determine whether any relaxor behaviour exists in these composites, the εB r B for T > TB c B is fitted to the following equation P 9 P.
From log-log plots of εB r P B -1
Pand T-TB c B the γ is observed to be nearly equal to 2 for all the composites.
To understand the effect of BiB 2 B OB 3 B on modification of dielectric properties, the dielectric properties of COMP 2 sintered in the same schedule but without addition of BiB 2 B OB 3 B are also investigated. Figure 4 shows the comparison of variation of εB r B versus T for COMP 2 sintered with and without the sintering aid.
The observations show that the effect of inter-grain interfacial polarization is increased because of addition of the BiB 2 B OB 3 B . Therefore, the increase in the εB r B is significant at lower frequencies than those at higher frequencies. Further, the Q for composites with sintering aid is less than that for the composites without the sintering aid. These features may occur because of the BiB 2 B OB 3 B forming a very thin conducting layer over the grain surfaces of the BST and BZT. The presence of these conducting layer may cause increase in the εB r B and reduction in Q of the composites, as the interfacial/ space charge polarization occurs due to the migrating chargesP 10 P.
The effect of interfacial polarization is not dependent on the ferroelectric to paraelectric transition. In the paraelectric region the contribution of the interfacial effects would be significant and therefore to determine the presence of interfacial polarization in these composites, the complex impedance spectra are analyzed in the paraelectric region. Figure 5 shows Table 1 .
The CB I P B Pis observed to increase because of addition of the BiB 2 B OB 3 B . These observations therefore are in confirmation with the predictions of occurrence of inter-grain interfacial polarization based on the observations variation of the dielectric constant with frequency and temperature.
Conclusions
The nano powders of BST and BZT have been synthesized successfully using hydroxide coprecipitation route. These powders are used to form the composites of BST-BZT and are subjected to the investigations of various physical properties. The paper emphasizes mainly on synthesis and dielectric properties.
The results on variation of εB r B as a function of T and f indicate that the BST-BZT composites may provide a useful range of dielectric properties at RF and MW frequencies. g and useful range of tunable dielectrics. 
